ABSTRACT
INTRODUCTION
The 3081/E is a second generation emulator of a mainframe IBM. One of the applications of such a processor is to increase the on-line computing power available to experiments and 3081/E's will form part of the data acquisition system of the upgraded Mark II detector for data taking at the SLAC linear collider. Since the introduction of the 168/E1, much experience has been gained in making efficient use of such processors, and their value has been well established over a wide range of applications2 including off-line event reconstruction, Monte Carlo studies, on-line triggering ,and filtering. This type of processor, unlike computers or commercial microprocessors, does not run an operating system nor is it directly connected to I/O devices. For the Mark II application a dual-ported FAST-BUS interface will be provided to allow communication with SLAC Scanner Processors3(SSP's) which accumulate data at the crate level and the experiment's VAX 8600 mainframe.
The 3081/E will appear to be a slave device. This paper will describe the 3081/E, concentrating on those features relevant to its use in high energy physics applications. The interfacing of the processor to a FASTBUS system and its use on-line will also be discussed. The microcode does require more memory space than the original object code. However, the expansion factor depends on how well the code pipelines, and is typically under two and never more than three.
PERFORMANCE
It is difficult to predict the execution speeds of code on the 3081/E in advance of actually running it. This is because not only do different instructions take different numbers of cycles to complete, leading to a dependence on instruction mix(in common with many other processors), but also the extent to which the code can be pipelined varies (IF statements break the pipelining for example). If no pipelining occurs a lower bound can be put on the processors performance; in this case it is equivalent in processing power to an IBM 370/168. If, alternatively, it is assumed that pipelining occurs to such an extent that every instruction takes effectively 1 cycle, then this implies execution times 2.5 times faster than an IBM 370/168; an upper limit on processor performance that can not be realistically expected.
In addition to these theoretical estimates we have also The 3081/E's represent a significant amount of the on-line computing power available to the Mark II upgrade. They will be used to reduce processing intensive loads on the experiment's VAX 8600 computer. One function that the 3081/E's can perform is to combine the two sets of data coming from the Drift chamber7 to form one output record. Drift time measurements will be made using four FASTBUS crates of TDC's the TDC modules will be readout by SLAC scanner processors which will process the data and order it. Information on the energy deposited by tracks in the drift chamber will be obtained using 18 FASTBUS crates of dE/dx modules. These modules will also be readout using SSP's. The SSP's will also do some processing of the dE/dx data, but, in order to extract as much information as possible from it, the more complex pulses will be processed by the 3081/E taking full advantage of its large memory and its floating point instruction set. The aim will be to find the areas of pulses, extract timing information, and to flag possible double hits which cannot be separated by the TDC system (and if possible resolve them), before the data is transferred to the VAX.
In addition, the 3081/E's can take over from the VAX 8600 the heavy processing load associated with on-line tracking. An important characteristic which particularly suits them for use in tracking is their emulation of the IBM instruction set. The off-line tracking programs run on an IBM which means programs can quickly be moved from the off-line to the on-line environment. Once the program development has be done on the IBM 308 1KX, making full use of the debugging tools and diagnostics available, the program can easily be converted for on-line use.
Consider an off-line tracking program . The input data is read off a tape, processed, and the results output to tape or disk. Most of the processing time is involved in finding hits and doing the associated tracking This stage may well not involve I/O unless it is necessary to print warning or error messages. The tracking code can easily be isolated by forming it into a stand-alone subroutine. A skeleton main program is needed to do the event read-in, call the tracking subroutine, and output the final results. In the on-line environment the data is read-in directly from the data acquisition system. In the Mark II case the raw data will be collated in system scanners and transferred into the memory of a 3081/E processor. In order to do the tracking in a 3081/E the following steps are necessary.
1. The subroutine which does the tracking must be set up so that any information it uses is transferred to it via common blocks. The warning and error messages should be modified to store an error code and any associated information in a common block, since all print statements must be deleted. The results of the subroutine must also be put into common blocks. These modifications are usually made with little difficulty by anyone with some knowledge of the program, the requirement for data to be input and output via common blocks, for example, is usually already met. 2. The subroutine must be translated on an IBM computer.
This converts the program into 3081/E microcode and sets up a set of "local" constants used by the program for downloading into the data memory of the 3081/E. In addition the translator fixes the location of common blocks and provides a header containing this information which can be used by the host computer to load and read these common blocks. (This is why information used by the host computer needs to be in common blocks, otherwise minor program changes would change the address of these variables requiring programs which used them to be edited as well). The first multiwire boards are now being debugged, and the processors are becoming available for general use.
